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Summary. Haemodynamic responses and antidiuretic hornlone (ADll) were

measured during body position changes designed to inchwe blood volume shifts in l0

cardiac transplant recipie0ts to assess the contrihutinn of cardiac and vascular volunle

receptors in the control of ADI I secretion. Each sut_ject underwent 15 rain of a control

period in the seated posture, then assumed a lying posture f¢_r 30 rain at 6 ° head-down

tilt (HDT) followed by 30 rain of seated recovery. Venou_ hlo¢_d samples and cardiac

dimensions (echocardiography) were taken at 0 and 15 rain before ItDT, 5, 15 and 3(1

min of HDT, and 5, 15 and 30 rain of seated recovery. Blood samples were analysed

for haematocrit, plasma osmolality, plasma renin activity (PRA) and ADII. Resting

plasma volume (PV) was measured by Evans blue dye and per cent changes in PV

during posture changes were calculated from changes in h:wmalocrit. I leart rate (I IR)

and blood pressure (BP) were recorded every "2_rain. In ltle cardiac transplant sul_jects,

mean HR decreased (P<().{I5) from l(12 b.p.m, pre-llD'F to 91 h.p.m, durhtg IIDT

and returned to 101 b.p.m, in seated recovery while BP was slightly elevated

(P<0-05). PV was increased by 6.3% (P<0.(15) by the end of 3{I rain of IIDT but

returned to pre-llDT levels following seated recoverv. Plasma osmolalily was not

altered by posture changes. Mean left ventricular end-diastolic volume increased

(P<0.05) from 90_ +5 ml pre-llDT to 105_+4 ml during IlI)T and returned to 88 4-5

ml in seated recovery. Plasma ADtl was reduced l_y ":'_'_',, (P<0.05) t_y the end of

HDT and returned to pre-llDT levels with seated recovery. PRA was also reduced by

28% (P<0-05) with IIDT. These respon.qes were simihtr to those of six normal

cardiac-innervated control sul,jects and one heart-hmg recipient. Therefore, cardiac

volume receptors are not the only mechanism for the control of ADII release during

acute blood volume shifts in man.
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Introduction

During water immersion, sodium and water are excretecl in large amounts and are

accompanied by a reduction in plasma antidiuretic hormone (ADII) (Gauer et al.,

1970; Gauer & ltenry, 1983). l lorizontal and anti-orthostatic (head-down) bed rest

also result in increased excretion of sodium and water (Nixon el al., 1979) and

decreased plasma renin activity (PRA), aldosterone and ADI1 (Epstein et at., 1975a,

b). However, the mechanism(s) associated with these fluid-electro, lyre changes in man

are not clear. According to the I tenry-Gauer hypothesis (Gauer et al., 107(t: Gauer &

Henry, 1983), the sudden shift in fluids from the leg_ :_n¢t ab¢lomcn into the chest and

head leads to stretch of low pressure receptors (hwated in the atrium and/or

pulmonary circulation) as evidence of an increase in total circ,lating blood volume.

The result is a decrease in plasma ADII release from the neurohyp(_physis and a con-

sequent increase in sodium and water excretion. Most of the evidence supporting this

hypothesis has come from studies using tile dog (Gauer & I leafy, 1976; Linden, 1976;

Donald & Shepherd, 197g), where the receptors have been shown to be primarily

located in the atrial wall and the ADtl response to be abolished by vagotomy.

Recently the importance of the proposed llenry-Ganer atrial receptors in control of

ADH responses to acute blood volume shifts in man h,ave been challenged by observa-

tions that vagotomized non-human primates exhibit significant diuresis during water

immersion or volume expansion (Gilmore & Zucker. 107R:v: Peterson & Jones, 1983).

It was the purpose of this study to extend the scope of these latter nnimal studies to

man. Body position change (head-down tilt) was used to shift significant blood and

body fluid volume to tile head and thorax and stretch atrial anct centrally located

volume receptors in one heart-lung transplant and 10 cardiac transplant recipients and

compare responses to normal-innervated subjects. It was hypothesized that if atrial

receptors contribute significantly to the control of body fluid and electrolyte regulation

through ADH inhibition or stimulation, then individuals with little or no atrial afferent

output, i.e. partial or complete denervated hearts, should exhibit little or no reduction

in ADH when exposed to such induced acute blood volume shifts.

SubJects and methods

Three groups of subjects volunteered to participate in this study:

(1) nine male and one female cardiac transplant recipients known to have partial

atrial denervation by the surgical procedure;

(2) one male heart-lung transplant recipient knr_wn to have :0vnt_t total atrial

denervation and complete clenervation of p,lmc_narv I¢_w pre¢¢,re receptf_rs; and

(3) five male and one female normal sllbject_; (n,_ hi_t¢_rv (_f cardiac diCease by

history or physical examin:_ti,_n) wh¢_ serve,t n¢ c(_rltrf,l';.
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Table I. Subject descriptive data

Age ltcight Weight

Subject groups n (years) (cm) (kg)

Controls 6 44-+4 175-+5

Cardiac transplant 10 4(I-+3 1,R0-+ 2

lteart-lung transplant I 41 185

77.2 -+ ,q.5

73-2 -+ 2-5

71.8

57

All transplantation procedures were accomplished at tile Stanford University School

of Medicine under the supervision of Dr Norman Shumway and subjects were at least

1 year post surgery. Their descriptive data are presented in T:Ihle 1. Informed consent

that included a detailed description of the nature of tile expcrirne,t w:ls obt:fined from

each subject.

The subjects underwent exposure to and return from 6 ° head-down tilt (!IDT) de-

signed to induce cardiac volume changes by acute blood volume shifts. I tDT was used

because of its known effect to cause larger haemodynamic responses compared to hori-

zontal posture (Tomaseili et al., 1987). Each subject was instrumented in the supine

position during an initial 31) rain period to allow for the stabilization of a baseline

physiological state. The experimental protocol is presented in Fig. 1. Following a 15 rain

control period (pre-HDT) in the seated position, each subject assumed the lying

posture at HDT for 30 min, followed by a 3(1 rain recovery consisting of a return to the

upright seated position. The subjects were instructed to remain as motionless and

relaxed as possible throughout the experiment.

FCONTROLSIT =]# -6 °HEADDOwNTILT =[-
SIT -I

I ! I I I I I 1 I I I I I I I !
-15 -10 -5 0 5 10 15 20 25 30 5 10 15 20 25 30

t 1 1 f 1 t 1 1 l 1 1 1 1 1 t 1

HR HR HR HR HR HR HR HR HR HR HR HR HR HR HR HR

BP BP BP BP BP BP BP BP BP BP BP BP BP BP BP BP

BS BS BS BS BS BS BS BS

EC EC EC EC EC EC EC EC

HR = HEART RATE MEASUREMENT

BP = SYSTOLIC AND DIASTOLIC BLOOD PRESSURE MEASUREMENT

BS = ANTECUBITAL VENOUS BLOOD SAMPLE

EC = ECHOCARDIOGRAPHIC MEA_I_Rr'MF'I_IT OF tlrlrT Vr'hlTRIrI!LAR Fl_lr_ tglA_TOLIC VOLUME

Fig. !. Expcrimt.'tlt:d i'to!,,,',:_l.
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Just prior to the initial 15 rain pre-llDTperiod, a 21gauge needle with polyethylene

catheter was inserted into tile left arm nntecld_ital vein and plasma volume (PV) was

measured with a modified Evans blue dye dillnti_n methc_d (Greenleaf et al., lq7C_).

The patency of the catheter was maintained for tile remainder of the experiment by

occasional flushing with hcl_:_rinized s:diue. IRl¢_¢xt Snml-,Ics ( lfl ml) were collected with-

out stasis at 0 and 15 rain of pre-tilt, at 5 15 ;_ncl 30 rid,1 ,ff he;id-d,_w11 tilt, and 5, 15 and

30 min during seated recovery. D_.lplic:_te micr_hgoT,nt_r-tit (tit-t) determinations

were made immediately after collection _f c:wh l,l<_l s:_mlqe. The llct samples were

centrifuged for 12 rain at !1 50() r.p.m, in a model l_!R l_lternational Centrifuge and

read on an International tTet reader wifh a v'nen_tlre0_levlt error of ±(|-25%. Raw

haematocrit values were collected for whole-b_dv | let by mtnltiplication with the factor

0-91 (Chaplin et al., 1953). Per cent change in pl:_ma vohmle fr_rn tile initial seated

control position was calctllated frc_m the correet_:d l let values with the equation

described by Grcenlcaf et al. (1970). The at,s_,hlte ch:_nge in pl;_srna volume at any

time during the protocc_! v_'as calculate0 by mttltiplying the per cent change in PV by
the measured PV.

Approximately 3 ml of t,l_od was introduced into a glass tribe containing lithium

heparin, centrifuged at 12()(_ ,e ft_r 15 rain, and the plasma v,':_ an:_lvsed for osmolality

by freezing point depression (Advavwed In_trtvvnevlts, Nee(lham lleights,

Massachusetts). Approximately 5 ml of the blood sample was introduced into a pre-

chilled vacuum-type collection tube containing ethylenediaminetetraacetic acid and

centrifuged at 1200 ,e for 15 vain at 4°C. From this sample, A 11)II concentration was de-

termined using the sensitive radioimmunoassay technique described by Keil and

Severs (1977), and PRA was analysed with tile modified rnethocl of I laber et al. (1969)

using a New England nuclear kit.

Heart rate (tlR), systolic (SBP) and diastolic (DBP) b!¢_¢_,,tpressures were measured

every 2 rain before, during and after tilt. Ileart rate was com_tect from a 15 s strip-chart

ECG recording (ltewlett-Packard, Waltham, Massachusetts). Right brachial blood

pressures were measured manually with a calibrated sphygmomanometer and stetho-

scope. Diastolic pressure was recorded as the pressure at K¢_rotkov-sound disappear-

ance. Mean arterial pressure (MAP) was calculated by dividing the sum of SBP and

twice DBP by 3.

A Hewlett-Packard ultrasonic echocardiography system (modcl 77020A) using

M-mode scanning was used to determine an index of heart volume changes at 0 and 15

rain of pre-tilt, 5, 15 and 3(I rain during head-down tilt, and 5, 15 and 30 min of seated

recovery. Left ventricular dimensions were measured fr¢_m the endc'_cardial echo of the

posterior left ventricular wall to the endocardial echo of the left side of the interven-

tricular septum. Dimensi¢_n_ were recorded at the end of syst_le anti diastole. These

dimensions were u_ed t,_ e¢_mpule e_l_! _li:_t¢,li_"(lr:DV) ,_n,! end-sv_t¢_lie (ESV)

volumes using tile "l'eichh_,lz fi_rmula (T¢ic.l_h¢,lz et aL, 1o7.'1) %trc_l:e w_hnrne (SV) was

determined as the difference between t-:I3\' and FSV. f_a_di:_c otltpnt (_)) was the

computed product _f lit", :m,! SV.
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Results are presented as means 4- SE. Since this study consisted of repented measure-

ments of each variable for different groups, changes within each group and across

groups were evaluated statistically by using a two-way analysis of variance for repeated

measures. The null hypothesis was rejected when P<0.()5 and non-significant differ-

ences were denoted by NS. Since there was only one heart-lung transplant subject,

these data were not included in the statistical analysis. We have included the (t:_ta

separately as a descriptive comparison against the controls and heart-transplant

subjects.

Results

Mean (+- SE) haemodynamic and hormonal responses at tile end of pre-llDT, tlDT

and seated recovery in the subject groups are presented in Table 2 and the mean time

course of these responses is presented in Fig. 2. In the control subjects. EI)V increased

(P<0-05) from pre-tlDT to 30 rain of I-IDT and returned folh_wing 30 rain of seated

recovery. The increase in EDV with ItDT resulted in an increase (P< 0.(t5) in SV at 30

min of HDT with a return to pre-ltDT levels at 30 rain of se:_tc(t recovery. (_) increased

(P<0.05) with HDT despite a compensatory decrease (P<I')-(_5) in llR (Fig. 2). fIR

and Q returned to pre-HDT levels with 30 rain of sitting recovery. Except for an initial

elevation in SBP at 5 min of tlDT (P<0-05), SBP, DBP and MAP were not signifi-

cantly altered during body position changes (Table 2 and Fig. 2). Compared to resting

control values, plasma volume was significantly increased during t IDT, but returned to

control levels following seated recovery. I tDT provoked a 37% reduction (P < 0.05) in

plasma ADH levels (Table 2), which returned to control values upon resumption of

the seated position during recovery. PRA was decreased sligtltly (P<0.(15) by IIDT

compared to pre-HDT and remained depressed during 15 rain of the scaled recovery

period.

The cardiac transplant subjects had higher (P<0.05) resting heart rates, blood

pressures and PRA, and lower (P<0-05) end-diastolic volume, stroke volume and

circulating plasma volume compared to the control group (Table 2). ltowever,

haemodynamic responses to tilt in the cardiac transplants were similar (NS) to those

measured in the controls (Table 2 and Fig. 2). For the transplant subjects. SBP was

elevated (P<0.05) during the initial 5 rain of IIDT, but returned to pre-tilt levels by 15

rain HDT and was not altered thereafter. Diastolic and mean arterial pressures were

not altered by body posture changes (Fig. 2). Plasma volume and EDV increased

(P<0-05) following 30 min of IIDT and returned to pre-tilt levels at 30 min of sitting

recovery. Similar to the response in the control subjects, EDV changes in the cardiac

transplant subjects resulted in increased (P<0.05) SV and 0 at 30 min of tilt with a

return to pre-ttDT levels at 30 rain of seated recovery (Table 2 and Fig. 2). Plasma

ADH was reduced by 28% (P<(I.05) by 311 rain of IIDT :_,l_l retlvrncd t,* ct_ntr¢,l levels

following resumption of the upright seated po_ili_n (T:d,le 2). PPA. wr_s reduced

(P<0.05) by 30 rain of ItDT nv_d (lid w,t ret_v,n t_, t',,r_tr¢,! lev_'l_ d,riv_g seated
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llaemodvn:mlic and hormone re_pon,:e_ at the end

head-down tilt (tlDT) and recovery sitling

of sitting. 6°

Variables ('ont rol_

Cardiac 1 le:)rI Inng

tr:mcphmt tr:m_pl:mt

End-diastolic volume, ml

15 rain sit pre-tlDT

30 rain Ill)T

311rain sit recovery

End-systolic vohmw, ml

15 min sit pre-llDT

311 rain I IDT

30 rain sit recovery

Stroke volume, ml

15 rain sit pre-llDT

30 rain ttDT

30 rain sit recovery

th'art rate. h.p.m.

15 rain sit pre-llDT

30 min tll)T

311 min sit recovery

Cardiac output. I min-

I5 min sit pre-llDT

311 rain ttDT

31] rain sit recovery

Systolic blood pressure, mmHg

15 rain sit pre-llFYI"

30 rain HDT

3(I min sit recovery

Diastolic hh,od pressure, mmltg

15 min sit pre-IIDT

311 rain tiDT

311 rain sit recovery

Plasma vohmle, ml

15 min sit pre-itDT

311 min ltDT

3(I min sit recovery

Ant(diuretic hormone, pg ml- '

15 rain sit pre-llDT

311 rain HDT

311 rain sit recovery

Renin activity, ng Ang I ml -_ h -_

15 rain sit pre-IlDT

30 min IIDT

30 rain _;it recovery

A I I-1 t 5 o() + 5 146

B 13<'l:"-5 105-.1 106

A 112-+3 14S -+ 5 83

A 47-+3 4S-t3 41

A 40 -+ 4 40 -+ 3 42

A 47-+3 46-+3 41

A 67 -+ .1 .12 '- ,1 -15

B ,q9 _ 5 56 ÷ J 5.1

A 65 -+ 5 .13 + 4 42

A 6-1 -+ 3 102 4-_4 100

B 5q ÷ 4 o.1 + 4 q7

A 67 -+_4 l(ll _-t_.1 1011

A 4.2o _ 0-35 4.26 + 0-311 4.50

B 5-25+0..15 5.21-.-0-3o 5-2-1

A 4-36±0.25 4-114 _- 11.22 4.20

A 114-+4 13(1"-5 130

A !15+-5 133-+8 130

A !16+-6 131 -+3 13(I

A 140 -+4 00 -,: 3 O11

A 112 -+4 103 ± 7 tXi

A 7o+-5 I(11 +-2 95

A 3316-+ 214 2q26-'- 158 3167

B 3521 -+ 231q 31211 + !140 3-175

A 3223 -+ 100 21-'11-1_ 151 3167

A 3.0-+ 0-6 2.5±0-8 5-6

B I-0-+0.7 !.8-0.5 3.8

A 3.2+-0.0 3-2. +_ 1.0 5.8

A (i.tl-t_ 0-1 I-8 t I1.3 3.2

B 1).-1 + 02 1,3 -'- 1)._; 2-0

Iq 11.4 + (i I !. _ -'- #l _ 1.14

Value_ ;ire mean'; ÷ ._F..

A. B: denote_ _ignific:lnl 11'<11114) difference,< t,et_veen ,_l:lee_" _;inle letters

are not different.

* P< 11.115 control vs. cardiac transplant values.
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Fig. 2. Haemodynamic, plasma volume (PV). osmotalitv and antidittretic hormone (ADll) responses
before, during and after 6° head-down tilt in normal subjects (control _). cardiac transplant subjects (A) and

in a heart-lung transplant subject (e). Values are means.

recovery (Table 2). The one heart-lung transplant recipient demonstrated similar

responses in plasma volume, ADII and PRA levels and haemodvnamic adjustments to

those measured in the cardiac transplant and control subjects (Table 2 and Fig. 2).

Initial resting plasma osmolalities of 28_; "4-2 mosm !-' in cardiac transplant subjects,

283-'-3 mosm I-t in controls and 284 in the heart-hmg subject were not significantly

altered during body position changes in anv of the experimental groups throughout the

protocol (Fig. 2).
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l)iscus_ion

In the present study. 6 ° hcad-dov,n tilt induced _ln nellie hemtw:lrd shift of fluids

sufficient to enlarge the heart volume in cardiac :_.n,t bc:_tt lutLt,. Ir:_nrpl:mt. :_g well as

normally innervated control subjects, as indicated by a riev_ifi,.-:_t_t 17% increase in

echocardiographically measured left ,¢entric,.!l:_r em_-di:,_l,,lb" v_,l,m_e. "l'he_e chnnges

were associated with transient incre_es iv_ pl:_¢m:l v¢,!umc imth-:_titm shift ,,f extra-

vascular fluid to the circulation arid a reducti,,n in he;_rt r;He ;,m! i-¢ignific,ant changes

in mean arterial pressures. All tr:mcplant and control stlbjectq d,..'mon_trated a decrease

in plasma PRA and ADI I. The;e haemodvn:_mit" and ,&D.II recpc, n_es were reversed

by 30 min of resumed sitting folh_wing b.e:_d .d¢_wn tilt. These dntn demonstrated that

cardiac and heart-hmg trnnqpl:mt recipient_ h'_ve mechz_nigtn¢ to alter AT)I I secretion

during acute blood volume shifts.

The secretion of ADtt can be :_ff,:_cted by :_ t_umber of l',,_s¢ible _timnli including

changes in plasma osmol:flitv, the rrnin-at_[,i,,t,-,_¢in cvcte,,. :,_T ;.,I ,¢_ti,,r,.!ic peptide,

neurogenic factors, cardiopulmon:_ry bnrorefl,,"cos :m¢]h_r ?rt,., i',ll,:_t¢,t¢'flc_:e_. [ lyper-

osmolality can stimulate the release of ,&DTI (P¢,!,ert¢_,t_. 1_7!: P,,b,-rt':,on _¢¢ Ath;_r,

1976), but this mechanism appeared unlil.:eh,' in tl_;_ e'cporiment since plasma

osmolality was not altered during all posture cb:_t_ges Pl:_m:_ retain activity c¢_uld be

an indirect stimulus since angioten¢in I1 stimulates AT)| l release (Ram¢:_v et at.. 1078).

However, in the present studv, after reduction by head-down tilt. PRA did not return

to pre-tilt levels following rcsumpticm of upright sitting, despite the return of ADII to

resting levels. Although PRA has a considerably longer half-life than AT)IT, these data

suggest that PRA changes were not related to changes in ADll.

Atrial natriuretic peptide (ANP) appears to influence placma ADII in humans.

Stimulation of ADI-I secretion foll_wing a rise in plasma osmolalitv can t',e inhibited bv

ANP infusions (Allen et al., 1¢_.q7). and. in a more relev:_nt study, it has been shown

that the ADH response to 2 h of head-up tilt was abolished by infusions of ANP during

the tilt period (Williams et al., I°RR}. Therefore. it is possible that ANP may also play

an active role in the regulation of ADII in the response to posture changes in our trans-

plant subjects.

Sympathetic nervous activity may stimulate the relea,¢e ¢_f ADI ! (Chalnlers & Lewis.

1951). Although not measured in our study, s.vmpathetic nervous activity probably

contributed very little to the responses of ADtI sh_ce acute eemral ,volume shifts do

not appear to alter sigrmificantly catecholamine le'_cls (Stene _'r at., 10,qn: Epstein et al.,

1983). However, our results suggest that a primary stimulu_ for the changes observed

in plasma ADH induced by acute posture changes was directly associated with signifi-

cant blood-volume shifts.

Considerable controversy e,<ict_ a_ to whefher the e:_rdi¢_pulmcmary methanes-

receptors and/or the arteri:,l b:_roreceptcur¢ :tre b_p¢,rt:mt in the regulnticm of AD!I

secretion in man. Althoueh the r;,t,, of ntti:d v¢_lume recrpt¢_r_ in the control of ADII

secretion has been devnorl_tratcd in ,,b,_,._ ((i:ur.'r ¢'t of.. l ¢_-'1_"f;;:uer t_: |lenry. lO76,
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1983), data from studies using the non-human primate h:we suggegtcd that these

receptors may play a small role in regulating blor_d vobmle. Similar increases in

atrial pressure or stretch which induced a diuresis in the dog (Gauer & llenrv, !_)76:

Linden, 1976; Fater et al., lq82) f:filed to elicit anv ren:_l effects in either the

anaesthetized or conscious monkey (Gilm_re & Zuc_:or. l_)7,qb: Peter-s_n et al.,

1980, 1983; Cornish & Gilmore, lq,q2). Fllrtherm(_rc, cervie:_l v:_got_my (Gilmore et

al., 1979) or complete, selective c:_rtti:lc denerv:_tion (Peler_t_wl ,e¢ Jones. I_)S3) failed

to attenuate the diuretic response to volume expansir_n or water immersion in the

monkey, although ADI! levels were n¢_t mea¢_red in these :_tlim:lls. These species

differences between dogs and prim:_tes raise a (lue¢ti¢_n :d_,_ut tile role of cardiac re-

ceptors in the control of ADII _ec-refir_n in m:ul. The fb_cYiv_,,_ iw thi,_ stuctv p:vrallel

those observed in tile vagotomized ;ir_(t car,ti;ic-(ler_erv:_,-(! _,,,,_ h_t,_;_r_ prim:_le

during blood-volume expansion.

The present study is unique in th:_t plasm:_ AD! ! levi, b- were t,_,'r_,,,re0 d_,rit_g blood-

volume redistributions induced by l',odv p(,_ture ch:_-g,..'_ i_ b,_m:_t_s wilh cardiac

denervation. Since our prelimi_;trv resulls were first rel,r,r_etl (('o_vertirlo et al..

1984), Drieu et al. (1986) described responses of AD! I secreli,_ in cardiac transplant

patients following a 10-12% [',lasn_;_ volume depletion irl_hwe(t by furo_e_lide adminis-

tration. Changes in PRA. heart rate and blood pressure _bserved in our cardiac trans-

plant patients were simil:_r t_ tbo_e observed in the Drieu lr:_nqpl:_H subjects. In

contrast to our findings, they (+served _ oh:rage in ADII in tr;_w;plant subjects

compared to control subjects and e¢_nclu0ed th:tt enr0i:w rec,,-ptor,_ pl_y ;! d_uninant

role in ADH secretion in humans. These 0ifferer_ces ,are pr_¢il,ly ¢hw to qtudv design:

receptors were unloaded in the l)rieu study ;rod lr_,qded in o_r ¢_(tv. Reeponses may

vary in these instances (Goetz et al., 1975). In ad¢lilion, the tr:Ir_pl,ll'tt patients in the

Drieu study may have been slightly dehydrated at tile time of studv since they had

baseline ADH levels which equalled thai of control subject_ after voltmle der, letion, a

condition which may have blunted tile response in their transplant subjects.

In contrast to the findings of Drieu et al. ( ! 9tR6). i.e. that normal subjects demonstrated

145% increase in ADH with volume depletion, several investigators have reported

that stimulation of cardiopulmonary mechanoreceptc, rs by either haemc_rrhage (Goetz

et al., 1974; Robertson, 1983) or low levels of lower body negative pressure (Rogge &

Moore, 1968; Goldsmith et al.. 10,q2) does not alter ADtl level_ in humans. Norsk et

al. (1986a) demonstrated that ADII varialirms were weakly corrcl:_ted (r=-11.3t))

with central venous pressure alterations induced bv expansion or reduction of Hood

volume during immersion. They concluded that cardiopuhnonary mechanoreceptors

are not of prime importance in tile regulation of ADII in man. Our data are consistent

with these and other previous ob_ervation_ (Rogge & b,l_ore, lo6,q: G(_etz et al.. 1074:

Goldsmith et al.. Iq,q2; Rol'_ert_v_. lO,q_: N_r_k et hi.. lO,qfi:_ :_nd _lgge_t Ill:it tile con-

trol of ADtt secretion in m:m may not be completely expl:fined bv c,_r, li:w methane-

receptor reflexes since pla_mn ADII cb'mee_ were _i_:_i!:_r in er_r_ti:w-denervafed

subjects during acute blc_,_d-x.,,h_m,.- _h;ft_ c,,_,p:_r_'_t _,_ ct,,_,,,!,:.
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Some caution in the interpretation of our data to indicate complete non-contribution

of cardiopulmonary mechnnoreceptors is provided 1,v tile knowledge that significant

portions of the recipient atria may be left intact with he:trt trzm_plant:ltion (Reit7 et at..

1981). It might be argued that tile simihlr A DIt re_pon_e_ r,t,_erved in the he:lrt trans-

plant recipients and the normal cardi;w-innerv:ll,-d _1t_i,'_'v,: m,v bc t.:_,tly e'q, hlined by

stimulation of residual atrial ncrve endi.g_ wbi,-h re,..;- i,_tb_" _m',ll atri;ll cuff of the

recipient heart, since these areas are known to cc, ntain la,ge nm,,ber,: of atrial receptor

sites (Linden. 1976). Tile functional capacity of this recept,,r areal foll,_wing transplan-

tation is unknown. In all cases, transplant recipient_ included ill thi_ _tmtv endured

severe and persistent evidence of congestive heart fz,ih,re xxhich f,_r,ned a basis for

their subsequent surgery. Atri;d receptors had undergone prolonged periods of

previous excessive stretch. To dale there is no report or evidence of ,ei,mervation of

donor hearts (M. Billingham. per¢o,lal co,,m,,,,iez, ti,,,,). F,,rVt,ermore. all subjects in

the present study had been tested with regard to \'allzdv:v response within the first

2 months of surgery and tile expecled neg:,tive heart r;:te ,elpo,,¢e was present.

Although our experiments were conducted at leaqt 1 ve:vr later, fm_ction;d tests of deep

breathing and Valsalva manoeuver l',erfi,rnwd by c:,r, ti:w tr:mlpl:mt p:vtients 4-03

months post operation confirmed that "¢_1._;1l ,t.,.-,_erv,.ti,m rem,i-ed prelent (Drieu et

at., 1986). Suppression of vagal tone in our _t0,iect'_ wa_ ;_1,_,, ,_m_oeqTect I,v their higher

resting heart rate. Finally. during heart-lung tran_lq;mtation only the superior-

inferior vena cava junction and a small portion of tile recipient ri.e.ht atrium are left

intact resulting in removal of R0"_, or more of centr:lllv located h,w pressure baro-

receptors capable of contributing receptor iv!put. Therefore. it is concluded that the

role of any residual receptor area in e'_l,hfi,d,lg si,nilar ADII responses between

cardiac-denervated and control subjects was probal_ly negligible since similar

haemodynamic and ADtl responses were observed in tile heart-lung transplant

recipient who represented complete cardi:ic tlenervalhm.

Our results and those of others (Robert_on. lO,q3: N¢_rsk ctal., lO.q¢m. 10S7) suggest

that mechanisms other than cardiopulmon:_ry mech;vnoreceptors in the control of

ADH secretion in man should be considered. Reduction in a,tcrial pressure provoked

by haemorrhage combined with head-up tilt (P.,_bcrtson. 10.q3). water immersion

(Norsk et al., 1986a). and termination of neck suction (Norsk ctal.. 10S7) is associated

with elevated ADH levels wliile increased arterial pressure induced by graded water

immersion decreased ADI I (Norsk et al., 10S6b). "l'he_e ob,_erv:_tic, n¢ implicate an im-

portant role of high pressure baroreceptors in the response of ADI 1 to blood-volume

redistribution. Our data suggest such a meclmni_m w:l_ involved du,ing head-down tilt

in transplant subjects since an apparent arterial bnroreflex response, i.e. elevated

systolic blood pressure and lower heart rate. wa_ a_,wi:_led xvith lower AI')II levels.

However. these possibilities will require further _tudv.

Lastly. increased pre_,re xvi,hi, tbt" ,.'r:_n;:l| x"_,Itt m:,v l'l',v :,,,,I,_.. The vc-vmus

pressure is a delernlinant of cer;'br:fl _pi,_.:_l fl,_i,'! (!,:_in:_ee :),_tt im're:l,;ed venous

pressure is likely wilt,in ,mr p,,,tocol t71..v:_ted iy,_r:w,",ni:d p,e,_me has been

measured in monkeys du_ing v.z,,t-'r immc_sit.n and o 111)I (I..C. Kcil. personal

I
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communication). It is reasonable to suspect that an intr:lcranial pressure-sensing

system within the brain provides redundancy in the regulation of AI)ll release when

information from peripheral input is impaired.

In conclusion, tile results of the present study demem,qt:_led that the re,_l-_¢mses of

heart rate, stroke vohlme, cardiac output, arterizll bl¢_od l,tesstvt¢, l,l:tgm:_ volume,

osmolality, plasma renin activity and anlidiuretic hormone ptow_ked by acute redis-

tribution of blood volume, and cardiac lilling induced by posture changes are simil:_r in

cardiac-denervated subjects compared to nc_rntal conlrols. These results suggest that

cardiac and heart-lung transplant recipients have ntechzmisnts bv which blood 'volume

can be regulated bv altering plasma ADII levels. These data are consistent with the

hypothesis that the control c,f ADI t secretion during acute I,lood-volunw shills in man

cannot be explained by the role of cardiac volume recept¢_rs al,me _nd mav suggest

that atrial natriuretic peptidc, arterial baroreflexes. :t._tr_,r iuttacr't_fi:_l regulatory

systems contribute to the regul:Hi¢m of ADtl relczl,:e.
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